The effects of culture conditions on a newly isolated Pseudomonas stutzeri KTB's ability to simultaneously perform heterotrophic nitrification and aerobic denitrification were investigated to determine its potential of application in nitrogen removal from wastewater. The results from experiments in the presence of 10 mmol/L of ammonium were as follows: succinate was the preferred carbon source, and the optimum C/N ratio, temperature, and initial pH were 10, 30
INTRODUCTION
Since the first heterotrophic nitrifying and aerobic denitrify- Five milliliters of the bacterial suspension were inoculated into 100 mL of the modified basal medium in a 250-mL Erlenmeyer flask. The flask was incubated at 30 W C and 160 rpm for 24 h, unless otherwise stated. The culture broth was sampled periodically to estimate the changes in biomass and its nitrogen content, ammonium, nitrate, and nitrite.
Single factor experiments
The effects of culture conditions on the strain KTB's characteristics of SND were investigated, containing carbon source, ratio of the mass of carbon to the mass of nitrogen (C/N ratio), temperature, initial pH, and ammonium concentration.
Bacterial growth, nitrogen removal, and nitrite formation were assessed under various culture conditions. Sodium acetate, sodium lactate, sodium succinate, sodium citrate, glycerol, glucose, sucrose, and lactose were chosen to test the effect of carbon source, and the amount of each carbon source made C/N ratio identical to the one in the previous study (Zhou et al. ) , i.e., the C/N ratio was 24, in the modified basal medium accompanied with 10 mmol/L of ammonium. In C/N ratio experiments, the content of the optimum carbon source was changed in order to adjust C/N ratio to 2.5, 5, 10, 15, 20, and 25, respectively, with the ammonium concentration fixed at 10 mmol/L. The effects of temperature and initial pH were investigated in the optimum culture conditions resulting from the above-described experiments. Temperature was set at 15, 20, 25, 30, 35 , and 40 W C. Initial pH was adjusted to 4, 5, 6, 6.5, 7, 7.5, 8, 9 , and 10 by using HCl or NaOH.
Ammonium removal under optimum culture conditions
Ammonium removal was conducted under the optimum culture conditions resulting from the single factor experiments.
In the simulation mode, ammonium concentration in the modified basal media was adjusted to 10, 20, 40, 60, and 80 mmol/L, respectively. In the real mode, the strain KTB was incubated in anaerobically digested wastewater from the Blue Goose Hennery, Wenzhou, China, in which C/N ratio had been optimized via supplementing succinate before bacterial treatment.
Quantitative assays
Biomass was monitored in terms of the OD 600 of culture broth, which was able to be converted to cell weight concentration via appropriate calibration, and then the culture broth was centrifuged at 5000 × g for 15 min. 
Statistical analysis
All the tests were conducted in triplicate and their results were represented with mean value ± standard deviation.
Statistical analyses were performed with the one-way analysis of variance, for which a value of P 0.05 was taken to indicate significance at a confidence level of 95%.
RESULTS AND DISCUSSION
A previous study (Zhou et al. ) reported that Pseudomonas stutzeri KTB displayed high nitrogen removal efficiency when 4.44 mmol/L of ammonium was used as nitrogen source in a medium containing 30.9 mmol/L of succinate.
One-hundred percent of the ammonium was removed in 15 h, with nitrogen removal rate being 0.137 mmol/L/h, formed nitrite completely reduced to gaseous nitrogen compounds such as nitrogen gas at the end of bacterial treatment, and nitrate not detected during the whole growth cycle.
Carbon source
Carbon source is indispensable for bacterial growth and energy supply, obviously influencing the ability in SND. As Seeing that a lesser supply of carbon source yields less biomass and reduces the operation costs in wastewater treatment, C/N ratio 10 was used in the following experiments.
Temperature
The results in Figure 3 The following experiments were still carried out at 30 W C in consideration of not only the highest nitrogen removal but also the greatest bacterial growth.
Initial pH
The changes in biomass and nitrogen removal ratio with initial pH followed trajectories similar to those demonstrating the changes with temperature, as depicted in Figure 4 .
The strain KTB grew best in a mild alkaline environment (pH 6.5-8), and performed the most efficient nitrogen removal in a wider alkaline environment (pH 7-10). For the same reason described in the previous section, alkaline ambience greater than pH 10 was not investigated. Alkaline condition was more beneficial to SND than an acidic one was because of more free ammonia contained in the media, but inhibited the denitrifying enzymes' activity so that the nitrite accumulation did not disappear while the nitrogen removal was considerably higher at the end of bac- On the basis of these results, initial pH 7-8 was deemed appropriate for the strain KTB to carry out SND. In the following experiments, the initial pH was adjusted to 7.5 by using NaOH.
Ammonium removal under optimum culture conditions
The strain KTB's growth and performance in SND at different ammonium concentrations were examined under the optimum conditions resulting from the above- The nitrogen balance analyses of ammonium removal by
Pseudomonas stutzeri KTB in the simulation and real modes are summarized in Table 2 .
CONCLUSION
The novel heterotrophic nitrifying and aerobic denitrifying bacterium Pseudomonas stutzeri KTB's ability to of other researchers, the strain exhibited an exciting ability of nitrogen removal both over a broader and higher C/N ratio range and a wider pH range, suggesting that it was able to fit more purpose-oriented wastewater treatments. It might be a great candidate for biological removal of ammonium from wastewater. a Supplemented with succinate to adjust the C/N ratio to 10 after fully anaerobically digested for more than 20 days.
b Below detectable limit.
